Background: Understanding how cerebral regions are synchronized when hearing illusions might help to explain some of the mechanisms of hallucination in psychiatric disorders. EEG theta coherence in response to the octave illusion in healthy volunteers might be used for this purpose. Methods: Right-handed healthy volunteers were invited to hear silence, normal and reversed sequences of the octave illusion. Results: After hearing both normal and reversed sequences of the octave illusion, 11 people reported hearing the high tone in the left ear (RL) and 18 in the right (RR). The task-related power change in the right frontal and temporal areas and the task-related coherence difference in the right medial frontal and temporal areas were significantly increased in the RR group compared to the RL group. Conclusion: When processing the octave illusion, the right ear predominance was linked to a higher reactivity in the right frontal and right temporal areas in healthy right-handers.
Introduction
Regarding mechanisms under auditory hallucination in psychiatric disorders such as schizophrenia, investigators have found some responsible cerebral areas using neuroimaging techniques, including the functional magnetic resonance imaging (fMRI) [1] . For instance, the temporal cortex [2] [3] [4] or the fronto-temporal connection [5, 6] is involved in the auditory information processing in hallucinating patients. Considering that EEG or cerebral potentials have a higher time resolution than fMRI does to reflect neural activities that happen within a second [7] , other scholars have illustrated an earlier cerebral involvement in hallucinating patients using EEG. For example, an impaired global connectivity [8] , especially between the frontal and temporal lobes [9, 10] is prominent in these patients.
Due to its close relationship with hallucination, illusion has also been studied intensively since it is more easily triggered than ictal hallucination. Illusion is found in different modalities, and occurs both in healthy people and in psychiatric patients [11, 12] . One of the auditory illusions that depends on the dichotic pitch difference is the octave illusion, which Deutsch had reported in 1974 [13] . Through earphones, people hear two tones spaced an octave apart that are repeatedly presented to both ears in alternation without pause. When the right ear receives the high tone, the left ear receives the low tone, and vice versa. However, most people experience exactly the same phenomenon -the tone that had appeared in the right ear still appears in the right ear, and the tone that had appeared in the left ear still appears in the left ear, regardless of earphone reversal or total duration of time. Further, most right-handed people hear the high tone on the right and the low tone on the left [14] .
The anisotropy reflects a bias of perceptual reorganization or attention to the contralateral side of hemisphere to the perceived high tone.
The related ear predominance of perceived high tone might be due to a prepotency of the contralateral over the ipsilateral pathway (to the perceived high tone) from one ear to the related hemisphere [15] [16] [17] [18] [19] [20] . On the other hand, upon hearing a "High-Low" word illusion derived from the octave illusion [21] , Chinese participants reported hearing meaningful Chinese words which were closely related to their personality traits [22] . One might wonder whether the knowledge of neuronal functions under the octave illusion could help in the understanding of the hallucination in schizophrenia because these patients had personality traits that were consistently related to the auditory hallucination [23] .
fMRI studies have shown that the core of auditory cortex was mainly responsible for pure tones, its belt areas mainly responsible for complex sounds [24] , whilst the Heschl gyrus and the planum temporale were more highly activated when the frequency of octave tones was increased [25] . Some EEG [26] and magnetoencephalography (MEG) [27, 28] studies have also illustrated the cerebral activity in response to the octave illusion. [29] .
The sensitivity and robustness of the EEG coherence method have been trialed in a variety of research contexts [30] , including musical perception [31] .
Previous studies have shown that many EEG oscillations, such as gamma, alpha, delta, and theta bands, can govern the cognitive processes involved in visual and auditory activities [32] . Theta band for example, which is induced via the limbic-hippocampal-cortical feedback loops, is one of the auditory-specific rhythms [33, 34] . Animal studies have shown that theta band is generated by the interplay of glutamatergic, GABAergic [35, 36] , and cholinergic [37] neurons. In addition, the band determines the threshold and polarity of synaptic modifications [38] , and is associated with the positive symptoms of schizophrenia [39] . 
Recording procedure and EEG analyses
Participants were asked to sit in an armchair in a semi-darkened, electrical-shielded, and soundattenuated room, with their eyes focusing on a white cross on the black background of a computer screen one meter in front of them.
Through earphones, each participant was exposed to a 3 min period of silence, followed by two sound sequences of the octave illusion (see Figure 1 ). There was a 10 sec silent interval between the two sound sequences.
EEG recordings were performed with 32 electrodes embedded in an elastic electrocap (Electro-Cap International, Inc., Eaton, 
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Results

Behavioral data
After hearing both normal and reversed sequences of the octave illusion, 11
participants ( were significantly different between the two groups. The changes in the RR group were higher than those in the RL group. Furthermore, within-subject effect showed that the theta power changes of the right fronto-temporal area (cluster mean of Fc2, T8, Cp2, Cp6, and P4) were significantly higher than those of left fronto-temporal area (cluster mean of Fc1, T7, Cp1, Cp5 and P3; p = 0.035) ( Table 2 ).
EEG coherence
There was no statistically significant group- 
Task-related power change (in %)
Reporting left (n = 11) Reporting right (n = 18) Table 2 . MANOVA results of the task-related power change of the EEG theta band in two groups.
Reporting left (n = 11) Reporting right (n = 18)
Note: * p < 0.05; ns, no significance and both sequences of the octave illusion (Table 3 ).
There was also no statistically significant 
Discussion
After hearing both sequences of the octave illusion, 58.06% right-handers had reported hearing high tone in the right ear, and 35.48%
in the left ear, results which were similar to those reported by Deutsch [13, 14] . Evidence of EEG theta band has demonstrated a higher spectral power change in the right frontal and temporal regions, as well as an increased taskrelated coherence in the right medial frontal and temporal areas in participants who had reported hearing a high tone in the right ear.
The patterns were similar for both normal and reversed sequences of the octave illusion. We therefore support the prevailing theory of asymmetry, i.e. that the processing of dynamic pitch and prosody information is carried out in the right hemisphere [52] .
Although the default mode of brain function presents the existence of an organized and baseline activity in the resting state [53, 54] , we did not detect any group-differences between theta power or coherence under silence. We also did not detect any differences between the task-related power changes or the taskrelated coherence differences after different sequences of the octave illusion. This went against part of our first hypothesis about the possible differences between normal and Table 4 . MANOVA results of the task-related coherence difference of the EEG theta in intra-hemispheric mediofontal-temporal regions.
Note: * p < 0.05; ns, no significance reversed sequences of the octave illusion.
Nevertheless, the higher task-related power change in the right frontal-temporal area found in the RR group suggests a higher neuronal activity, and supports a predominance of the right hemisphere in illusion processing, as reported recently [55] . Similar findings in these cortical areas under illusory sounds have also been reported using fMRI techniques [53] . Taskrelated coherence changes were higher in the right-hemispheric medial frontal and temporal regions in the RR group, which points to a higher synchronization. Indeed, when processing pure tones, increased EEG theta coherence was found in the frontal and temporal areas [34] .
As the site of the main auditory cortex, the temporal lobe is responsible for processing dichotic signals [24, 25] , and for processing the octave illusion [27] . Our results also demonstrated that this area was synchronized with the frontal region when processing the octave illusion, which was concurrent with other EEG findings, so that the frontal (especially the mediofrontal) area is activated when processing auditory stimuli [45, 54] . The frontal cortex was also synchronized with other cortical regions as manifested by theta activity during semantic-related, working memory processing [56] .
Interestingly, we found that in the right ear predominance, both the right frontal and right temporal areas had higher activities and higher synchronization in the RR group (Figure 4) , implying a specific pathway of cerebral mobilization corresponding to ear predominance in these participants. From a neurobehavioral perspective, the right ear predominance indicates the right hemisphere's superiority in auditory processing [57] . Our results of the task-related power and coherence support the ear predominance previously found in right-handers [58] . MEG studies have shown that participants with the left ear preference have a weaker response to illusion signals than participants with the right ear preference in the auditory cortex [28] .
Nevertheless, one should also bear in mind three caveats regarding our study design. 
Conclusion
Our results have revealed that when processing the octave illusion, right ear predominance was associated with a specific reactivity of the frontal and temporal regions. Since these areas displayed a reduced activation and synchronization in hallucinating patients [3, 4, 10] , further studies might adopt the octave illusion (or its derivative) design to verify whether the cerebral synergy model is altered in schizophrenia or other psychiatric disorders. 
